Study design: A 3-month follow-up, observational, prospective, multicenter, study in traumatic spinal cord-injured (SCI) patients with neuropathic pain (NP). Objectives: To assess the effectiveness and safety of oxycodone treatment in SCI patients with anticonvulsants-refractory NP. Setting: 'Spinal injury follow-up units' throughout Spain. Methods: Data regarding NP characteristics were collated from male and female adults with traumatic SCI and difficult-to-control central NP of moderate-to-severe intensity (visual analog scale (VAS) X4) persisting X1 month, who had been para-or tetraplegic for X2 months, had been previously treated with anticonvulsants and were now treated with oxycodone. Results: In all, 54 out of the 57 patients recruited were assessable. A total of 81% were men and the mean age was 46.4. Patients were treated with oxycodone, 83% combined with anticonvulsant. Pain intensity (VAS: 7.1 ± 1.3-4.3 ± 1.7) and Lattinen total score (13.2 ± 3-7.7 ± 3.4) decreased significantly (Po0.001) along the study. No patient got worse regarding pain impact on physical activity and on sleep (Lattinen scale). EQ-5D VAS showed a trend to increase (P ¼ 0.061) and the index of preference values increased significantly from baseline to month 3 (0.26-0.62; Po0.001). A total of 53.7% patients showed at least one treatment-related adverse event, with constipation being the most frequent one (33.3%). Conclusion: Oxycodone treatment, mostly in combination with anticonvulsants, in SCI patients with NP decreases pain intensity, improves health-related quality of life and diminishes the impact of pain on physical activity and sleep. Sponsorship: This study has been sponsored by Mundipharma, SL, Madrid, Spain.
Introduction
A spinal cord injury (SCI) imposes on patients not only physical disabilities but also a great impact on their social life with severe psychological implications and decreased quality of life. The global annual incidence has been estimated at 10-80 cases per million inhabitants. In Spain, the incidence is 12-20 patients per million inhabitants per year and the estimated prevalence in 1997 was 14 000. 1 One of the more disabling consequences of SCI and with more impact on the quality of life of the patient is chronic pain. 2 The prevalence of chronic pain after SCI ranges from 26 to 96%, 3 with pain being moderate-to-severe in 25-60% of patients. 4, 5 Chronic pain has a great impact on the ability to regain optimal level of activity and on employment status, interferes with sleep and causes anxiety and depression, 5, 6 which are also a direct effect of the disabling consequences of the SCI, having a negative effect on the quality of life and imposing a major burden on patients. SCI-related pain can be classified in nociceptive or neuropathic (NP). 3 The percentage of patients with NP after SCI ranges from 20 to 75%, 4, 6 and are the ones with more psychological distress and more refractory to treatment. 7 Despite the high prevalence of post-SCI NP and its highly negative impact on the quality of life, there are few studies regarding this type of pain. Anticonvulsants, tricyclic antidepressants and some opioids have been used; 8, 9 however, management is still a challenge, as patients are not satisfied with the pain control obtained. 10 Oxycodone has level A evidence efficacy for NP in postherpetic neuralgia and diabetic neuropathy. 11 A sustained release form of oxycodone in a case of central pain provided greater pain reduction when added to dextromethorphan 12 and in central NP studies with anticonvulsants resulting in treatment success, opioids, including oxycodone, were the concomitant therapy in half the patients. 13 Therefore, this study aimed to assess the effectiveness of oxycodone treatment in SCI patients with anticonvulsantsrefractory NP, aiming to find a treatment for better NP control.
Methods
A 3-month follow-up, observational, prospective, multicenter study was carried out to assess the oxycodone treatment in SCI patients with anticonvulsants-refractory NP. The study followed the International Guidelines for Ethical Review of Epidemiological Studies (Council for the International Organizations of Medical Sciences, Geneve 1991), and Declaration of Helsinki (amended in Tokyo, 2004) and previous to start-up, it was approved by the Ethic Committee of Hospital Insular de Gran Canaria, Spain.
The study aimed to assess the effectiveness of oxycodone as SCI-related NP treatment, specifically its effect on pain intensity, patients' quality of life and pain impact on physical activity and sleep quality; and to determine prevalence of adverse reactions associated to this treatment.
Patients included were male and female adults with spinal injury of traumatic origin and central NP (by International Association for the Study of Pain classification) 14 of moderate-to-severe intensity (visual analog scale (VAS) X4) persisting X1 month, who had been para-or tetraplegic for X2 months and had been previously treated with anticonvulsants. Exclusion criteria were psychiatric or neurologic disorder that might affect the patient's ability to participate in the study, drugs and/or alcohol use, enteral nutrition by nasogastric tube or gastrostomy, severe respiratory disease and severe hepatic or renal insufficiency, which might limit pain management. Patients gave their informed consent and the information for the study was obtained from the clinical history and from the patients themselves, following routine clinical practice. Four 'SCI units' throughout Spain, whose usual protocols for SCI refractory NP included oxycodone, mostly associated to anticonvulsant, participated in the study. Patients were included from September 2008 to April 2009 and followed up from January to July 2009.
The following data were collated at baseline: demographic data; SCI etiology, date of occurrence, American Spinal Injury Association level and classification and spasticity rating (Ashworth); type of pain according to the classification of the International Association for the Study of Pain, 14 and description using a SCI pain classification system (above level, at level and below level), 15 NP characterization by DN4 scale, presence of allodynia and/or hyperalgesia, intensity (by means of a VAS) and frequency of pain, frequency of analgesia use, and pain impact on physical activity and on sleep (Lattinen scale); quality of life (EuroQoL 5D); analgesic treatment, need for treatment change, new treatment and concomitant antiemetic or laxative treatment. At 1 and 3-month visits, the following parameters were assessed: NP intensity, spasticity, irruptive or breakthrough pain crisis and treatment, analgesic, antiemetic and laxative treatment and adverse reactions related to the analgesic treatment, and the Lattinen and EuroQoL 5D (this last one only at 3-month) scales were administered.
Scales used
The DN4 scale is a diagnostic test for NP. This 10-item questionnaire consists on pain descriptors and signs that are yes (1) or no (0) evaluated, with a diagnosis breakpoint of 4. The Lattinen test or index is a scale composed of five categories: pain intensity, patient activity, pain frequency, use of analgesics and hours of sleep. Each category comprises five Likert-type items scored from 0 (better) to 4 (worse). Maximum score of the scale is 20 and a decrease in the score indicates an improvement in patient status.
The modified Ashworth scale assigns grades to a manually determined resistance of muscle to passive stretching and hence, it assesses spasticity. Grades are 0, 1, 1 þ , 2, 3 and 4, with 0 being normal muscle tone and 4 limb rigid in flexion or extension.
As there is no validated scale to measure the quality of life, specifically in SCI patients, the EuroQOL-5D (EQ-5D) from the EuroQol Group was used, but questions about ability to walk was replaced with the ability to move with a wheelchair. EQ-5D is a standardized, non-disease-specific instrument for describing and valuing health-related quality of life. The Spanish version rates mobility, self-care, usual activities, pain/discomfort and anxiety/depression in three severity levels (no problem ¼ 1, some or moderate problems ¼ 2, many problems ¼ 3). The different combinations of the values of the five dimensions give 243 possible health statuses. There is also a 100 mm visual analog scale (VAS) with two reference ends that express the worst (0 equivalent to death) and best imaginable health status (100), wherein the patient indicates the perception of his own overall health. The third element of the EQ-5D is the index of social preference values, obtained for each health status from studies of the overall population. The index varies from 1 (best health status possible) to 0 (death), although negative values exist corresponding to health status considered as worse than death.
The American Spinal Injury Association scale assesses the most caudal segment with motor and with sensorial normal function (neurological level) and classifies the lesion in an impairment scale from A (complete) through B-D (incomplete) and E (normal). Incomplete lesions can be classified in a specific clinical syndrome (Hemisection of the spinal cord or Brown-Sequard, Central Cord, Anterior Cord, Posterior Cord, Conus Medullaris and Cauda Equina).
Statistics
Descriptive statistics were applied to all variables, including measures of central tendency and of statistical variability for quantitative variables, as well as absolute and relative frequencies for qualitative variables, with a bilateral confidence interval (CI) of 95%, as well as for all changes from baseline.
Student's t-test was used to compare pair-wise samples (data between two different time points) and Wilcoxon test was used in non-parametric distributions. Student's t-test was used to compare independent samples and Mann-Whitney test was used in non-parametric distributions. Analysis of variance was used to compare a continuous variable with a variable of more than two categories. The statistics program SPSS version 17.0 was used. The assessments were considered statistically significant when the two-sided P-value was o0.05.
Results
In all, 57 patients were included in the study and 54 were assessable, as three had neither follow-up data nor reason for withdrawal. In all, 48 (89%) patients completed the study; 4 out of the 6 patients who withdrew had no available data, as they did not take the analgesic treatment, and the other two suffered from adverse reactions (1 headache and hallucinations and 1 headache and dry mouth). Patients were treated with oxycodone in combination with anticonvuslants (83%) or alone (17%), in similar percentages at baseline and along the study (Table 1) . Antiemetics and laxatives were used, depending on the time of assessment, from 22.2 to 31.3% and from 78.8 to 91.7% of patients, respectively (data not shown).
Baseline patients' characteristics are described in Table 2 . A total of 81.5% were men and the mean age was 46.4. The most frequent causes of injury were road traffic (25.9%) and industrial accidents (24.1%). 51.9% of patients had a dorsal Oxycodone in spinal cord injury-neuropathic pain JM Barrera-Chacon et al lesion level and 50% had a complete lesion. Mean pain intensity (VAS) at baseline was 7.1 ± 1.3. All patients showed NP with DN4 mean 4.7±2.1 and in 81.5% of patients NP was below level.20.4% of patients showed nociceptive pain, all of it musculoskeletal. The most frequent anticonvulsant treatment previously used was gabapentin (94.4%), mostly in combination with analgesics other than fentanyl. In all 52 patients changed the treatment and the most frequent motive was uncontrolled pain (94.4%), followed by somnolence (14.8%), gastrointestinal disorders (11.1%) and asthenia (1.9%). Pain intensity (VAS: 7.1±1.3 at baseline to 4.3±1.7 at month 3 ( Figure 1) ) and Lattinen total score (13.2±3 at baseline to 7.7 ± 3.4 at month 3 ( Figure 2) ) decreased significantly (Po0.001) from one visit to the next (Table 3) . The percentage of patients suffering from irruptive pain crisis also decreased from 24.1% at 7 days to 13% at month 3 (Table 3 ). Only two patients increased their spasticity degree at 3 months compared with baseline, whereas most (79.2%) stayed the same and 16.7% decreased it (data not shown).
No patient got worse regarding pain impact on the physical activity and on sleep (Lattinen scale). Although because of the sample distribution it was not possible to determine the statistical significance, 18.75% of patients showed same and 81.25% better physical activity, and 39.58% same and 60.42% better sleep at month 3 than at baseline Figure 3 shows increases in patients percentages with no or mild activity and sleep impairment and decreases of patients percentages with moderate or severe activity and sleep impairment at 3 months, as compared with baseline.
Although EQ-5D VAS did not change significantly from the baseline to month 3 (54.19 (CI 95%: 47.39-60.98) to 62.60 (CI 95%: 56.98-68.23); P ¼ 0.061), there was a trend to increase, with a larger percentage of patients showing 'no problems' for each dimension at month 3 than at baseline (Table 4) . At baseline 20.4% of patients showed the worst possible health status (code 33 333), whereas only 2.1% did at 3 months. The index of preference values increased significantly from baseline to month 3 (0.26 (CI 95%: 0.19-0.33) to 0.62 (CI 95%: 0.56-0.68); Po0.001) (Figure 4) . No significant differences were found in pain intensity (VAS) or in Lattinen total score according to American Spinal Injury Association classification (in complete or incomplete lesion) or lesion level (data not shown). Neither did we observe any significant differences (P ¼ 0.093) in the pain VAS percentage decrease from baseline to month 3 among the three different previous anticonvulsant treatment groups (gabapentin þ fentanyl ± other analgesics, pregabalin ± other analgesics and gabapentin ± other analgesics).
The mean (CI 95%) VAS percentage change at day 7 with respect to baseline was À9.98 (À14.44; À5.53); at month 1 with respect to day 7: À10.8 (À15.24; À6.37); at month 2 with respect to month 1: À13.8 (À18.74; À8.87) and at month 3 with respect to month 2: À12.54 (À16.76; À12.54).
A safety analysis was performed in all 54 patients. In all, 29 (53.7%) patients showed at least one adverse event (AE) related to the analgesic treatment, with constipation being the most frequent one (33.3%) ( Figure 5 ). No event was threatening to life or caused hospitalization. A total of patients (14.8% of total number of patients or 27.6% of patients with at least one AE) suffered from AEs related to anticonvulsants and 28 (51.9% of total patients and 96.6% of patients with at least one AE) from AEs related to opioids. Figure 2 Lattinen total score evolution. Mean (CI 95%). b Data shown is that of 7-day visit (baseline data was not collated).
Discussion
NP is common after SCI (20-75%), impacting greatly in the quality of life of these patients. 2 Post-SCI NP is frequently refractory to treatment 7, 8 and patients are dissatisfied with the level of knowledge that family physicians have of it 16 and the pain control obtained. 10 Oxycodone has shown to be effective in peripheral NP treatment 11 and as concomitant treatment in central NP. 12, 13 This study characterizes oxycodone treatment in SCI patients with refractory NP to assess its efficacy and help physicians to improve the management of this condition. In all, 81.5% of patients were male and mean age was 46 years old in agreement with most of the studies, wherein more than two-third of the patients are male of middle or younger ages. 1, 17, 18 The most frequent etiology was car accident, which is the most frequent cause of traumatic SCI in developed countries. 1, 18 The level of the lesion was mainly dorsal, followed by cervical, as it was in a previous Spanish study by Mazaira et al., 1 and lesions were complete in 50% of cases, as traumatic SCI have a high risk to produce complete lesions. NP was mainly below level (81.5%), in contrast with the results of the study of Siddall et al. 5 in 100 traumatic SCI patients, in which NP was roughly 50% at level and below level. The level or completeness of the lesion had no effect on pain intensity (VAS) or Lattinen score, in agreement with previous studies. therapy. 13 In our study, oxycodone treatment, 83% in different combinations with anticonvulsants, decreased pain intensity 39.3% (VAS percentage change) at month 3 with respect to the baseline. EQ-5D VAS has been previously used to assess the evolution of overall health in patients with central NP submitted to treatment; 13 in our study, there was a decrease in the percentage of patients who showed problems in mobility, self-care, usual activities, pain/discomfort and anxiety/depression (Table 4) and there was a trend (P ¼ 0.061) for improvement in the patients health selfperception. Also the index of preference values increased significantly from baseline to month 3 (0.26-0.62; Po0.001; Figure 4 ), which suggests that treatment with oxycodone, mostly in combination with anticonvulsants, improves the health-related quality of life of these patients. Patients also improved their physical activity and sleep (Lattinen scale) with the treatment administered. Constipation and nausea, which were the most frequently reported AEs, are characteristic of opiod-treated patients. However, in contrast to the other studies using weak opioids, such as tramadol, 9 in which there was a high withdrawal rate (43%) because of the AEs, in our study using oxycodone, although 54% patients showed at least one treatment-related AE, only two (3.7%) withdrew because of the AEs. In fact, in clinical trials of NP, the side effect profile of opioids has been reported to be good, particularly for oxycodone.
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Conclusion
These data suggest that oxycodone treatment, mostly in combination with anticonvulsants, in SCI patients with previous anticonvulsants refractory NP, decreases pain intensity and accordingly, improves health-related quality of life (assessed by EQ-5D) and diminishes the impact of pain on physical activity and sleep. The treatment is well tolerated with constipation as the main AE, which might be better controlled with newer laxative therapies.
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